The Minnesota Multiphasic Persona'ity Inventory was administered at the first and fifth annual examinations of 1990 men studied in a prospective investigation of coronary heart disease. These data were used to investigate the following questions-two potential sources of error in retrospective studies: Do survivors of the illness differ, on the variables being investigated, from persons who die before they can be included in a retrospective study? Is occurrence of the illness associated with systematic changes in these variables among survivors?
persons not so affected. The purpose is the same as that of prospective studiesto find causal relationships between characteristics of the host or environment and occurrence of the condition. However, of necessity, measurements of the factors under investigation in retrospective studies are usually made after the condition has occurred. Therefore, at least two serious questions of validity are usually involved when the retrospective method is used to study a major illness. First, do survivors of the illness differ, on the variables being investigated, from persons who die before they can be included in a retrospective study? Second, is occurrence of the illness associated with systematic changes in these variables among survivors?
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CORONARY HEART DISEASE
These questions have been investigated during a prospective study of the relevance of certain psychological variables to the occurrence of coronary heart disease. Specifically, do survivors of myocardial infarction differ from nonsurvivors on measures of personality obtained before clinical manifestation of coronary heart disease? Additionally, is the occurrence of angina pectoris or nonfatal myocardial infarction associated with systematic changes in the same psychological variables?
Method
Subjects
The cohort comprised 1990 men who were 40-55 years of age and free of clinical coronary heart disease at initial examination during 1957 and 1958. They were selected by randomly sampling men employed for at least 2 years at the Western Electric Company's Hawthorne Works near Chicago. Almost one-third of the selected men refused to participate and conditions of the study precluded vigorous follow-up. However, the nonresponders were apparently no more or less prone to coronary heart disease than the participators; the mortality rates of both groups for all causes of death and for coronary heart disease alone were nearly equal during the subsequent 4 years.
Most subjects were employed in skilled labor on assembly lines, but some were in managerial, engineering, and clerical positions. Approximately three-fourths were first-or second-generation Americans of Central European extraction. The remainder were, for the most part, descendants of earlier emigrants from the British Isles. The majority were in the lower-middle and upper-lower social classes, as determined by data on education, occupation, income, house type, and dwelling area.
Diagnosis of Coronary Heart Disease
All subjects were examined initially within a period of 1 year during 1957 and 1958 and-except for subsequent drop-outs, deaths, and transfers-each man has been re-examined annually since then. The order in which subjects were initially examined was randomized, and this order was maintained as nearly as possible during each succeeding year. Internists performed these examinations, which always included a medical history, physical examination, and 12-lead electrocardiogram, among other routine procedures. No therapeutic suggestions were given the subjects, and the study was labelled a "Health Survey" so as not to focus the subjects' attention on the cardiovascular system.
Recommendations of the Committee for Diagnosis of Disease and Clinical Evaluation 1 were followed in diagnosing coronary heart disease. The diagnosis of angina pectoris was based in each case upon histories obtained by 2 or more internists. Myocardial infarction was diagnosed in living subjects from the medical history and electrocardiogram. Death due to coronary heart disease was determined from information obtained from the family, records of physicians and hospitals, death certificates, and coroners' reports. Subjects were considered free of coronary heart disease if they specifically denied symptoms of angina pectoris or myocardial infarction and if their electrocardiograms showed no evidence of infarction. The final diagnosis was made by the principal investigator (O.P) after review of the record or, where difference of opinion occurred, after an additional interview and physical examination. 2 
Psychological Variables
The Minnesota Multiphasic Personality Inventory (MMPI) was individually administered in booklet form at the first and fifth annual examinations. The administrator and place of administration were the same on both occasions. Each MMPI was scored independently at least twice for 3 validity scales-L, F, and K-and for 10 clinical scales-Hs, D, Hy, Pd, Mf, Pa, Pt, Sc, Ma, and Si. Records containing more than 30 unanswered items were discarded. Scores on the Hs, Pd, Pt, Sc, and Ma scales were K-corrected and scores on all scales except L and F were converted to T-scores according to instructions in the MMPI manual.* The T-scores were normally distributed in the standardizing population
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with a mean of 50 and standard deviation of 10.
Analysis of Data and Results
Coronary heart disease appeared for the first time in 106 members of the cohort between their initial and fifth annual examinations. Fifteen men died of it and 78 others, 27 with myocardial infarction and 51 with angina pectoris, survived to the fifth examination. Of the 13 remaining men not included in this report, 7 were not available at the fifth examination, 3 left more than 30 items unanswered on the MMPI, 2 refused the questionnaire, and 1 was illiterate.
In the analyses described below, survivors have been segregated according to clinical form of the coronary disease, because earlier work 4 with the MMPI in this sample indicated that men who later had a myocardial infarction differed on some scales from men who manifested angina pectoris only. To provide data with which to compare these 2 clinical groups, each survivor of coronary heart disease has been matched for age and education with 2 other subjects who had no major illness between the first and fifth examinations. The means and standard deviations of all groups on the MMPI scales at the first and fifth year examinations are shown in Table 1 .
Differences Between Survivors and Non8urvivors
If cases of coronary heart disease in this population had been studied retrospectively in 1962, would the survivors available for testing have differed on the MMPI scales from patients who died before they could be included in the study? To investigate this question, the MMPI scores obtained in 1957-58 at the initial examination have been used to compare the 15 subjects who died of coronary heart disease with the 27 sur-
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vivors of myocardial infraction and 51 survivors of angina pectoris.
The assumption of homogeneous variances was tested by F ratios and rejected at the .05 level for comparisons of nonsurvivors with survivors of myocardial infarction on F, D, PdK, Pa, PtK, and MaK, and for comparisons with survivors of angina pectoris on Pa and PtK. The Mann-Whitney U was used to test equality of means on these scales; elsewhere, Student's t has been employed. All tests have been two-tailed and the .05 level used as the criterion of statistical significance.
No statistically significant differences were found between the deceased subjects with coronary heart disease and the survivors manifesting only angina pectoris. However, previous to clinical coronary heart disease, nonsurvivors had higher scores than survivors of myocardial infarction (Table 1 ) on all scales except L and Si, on which the observed differences are negligibly small. Statistical tests reject the hypothesis of equal means on F, Hy, PdK, and PtK. The observed differences in means and variances suggest that very high scores occur unusually often among the deceased as compared to the survivors of myocardial infarction. Elevated scoresi.e., T ^ 70, on 1 or more scales were obtained by 8 (53%) deceased subjects but by only 5 (18$) survivors of myocardial infarction. For these data x 2 = 3.96, which with one degree of freedom is associated with P < .05. No more than 2 elevated scores occurred in either group on any single scale except D. Elevated scores on the D scale occurred in 5 (33%) deceased subjects but in only 1 (14%) survivor. The exact probability 5 is 0.016 of observing an association of at least this magnitude in this direction. A two-tailed test is not possible here because nonsymmetry of the marginal totals prohibits an equally great association in the opposite direction-i.e., with fewer nonsurvivors than surviviors having elevated scores on D. However, if symmetry did obtain, the two-tailed probability would equal 0.032, which would still indicate a statistically significant relationship.
The mean age of survivors and nonsurvivors at initial examination was 48 years, and the health status of both groups was substantially the same at that time. The frequency of subjects with no significant findings at initial examination was 80 and 73%, respectively, for the nonsurvivors and the survivors. In addition, the 2 groups did not differ in number of months elapsing between first examination and manifestation of coronary heart disease; the mean and standard deviation was 22 ±16 months for survivors and 20 ±14 months for nonsurvivors.
Systematic Changes in MMP1 Scores of Survivors
The second question was whether occurrence of coronary heart disease was associated with systematic change in the PSYCHOSOMATIC MEDICINE MMPI scores. To investigate this question, each subject's set of first-year scores were subtracted from corresponding fifth-year scores, and mean differences were calculated separately for survivors of myocardial infarction and of angina pectoris. Considered alone, however, such data cannot differentiate effects of life-threatening illness from those of factors associated with the passage of 4 years. To provide the necessary normative data, the MMPI scores of subjects matched for age and educational status who had no major illness between the first and fifth annual examinations were similarly analyzed. The mean differences between initial and fifth-year scores and the standard errors of these means are shown in Table 2 for both clinical groups and their respective control groups.
No statistically significant differences were found between first-year and fifthyear scores of the group with angina pectoris, and only Hy was significantly higher at the fifth examination among those with myocardial infarction. However, scores on the "neurotic triad"-HsK, D, and Hy-tended to increase in the fifth-year records of both groups and these differences are statistically significant when the groups are combined.
Fifth-year scores of controls matched with infarct subjects were significantly higher than first-year scores on the K, PdK, ScK, and MaK scales. Analysis of scores not corrected for K indicates that the means on Pd, Sc, and Ma tended to be higher during the fifth year, but these differences are not statistically significant. No statistically significant differences were found among the controls matched with angina pectoris subjects.
The effect of these changes within groups on differences between groups is shown in Table 3 . At the first examination men who later developed angina pectoris scored significantly higher on HsK, Hy, PdK, Pa, PtK, and ScK than men who later had and survived myocardial infarction, but most of these differences were reduced in magnitude at the fifth examination and only 3-those on HsK, PtK, and ScK-remained statistically significant. When compared with their respective controls on data obtained at the initial examination, men who later had infarcts were not appreciably different, but men who developed angina scored higher on HsK and Hy. At the fifth examination, however, those with infarct scored higher on Hy and lower on ScK than their controls, while those with angina now scored higher than their controls on D as well as HsK and Hy.
Discussion
Studies using the retrospective method are usually many times less expensive of time and money than equivalent prospective studies and thus have powerful economic reasons to recommend them. However, application of the restrospective method to the epidemiology of major illness almost always involves at least two assumptions: (1) that nonsurvivors do not differ from survivors in the factors being investigated, and (2) that systematic changes in these factors have not occurred in association with manifestation of the illness. Except in rare instances, these assumptions are necessary in retrospective studies in order to accept the implication of a causal relationship between previous exposure to or presence of the factor observed to be different in clinical and control groups, and subsequent development of the illness.
Results of the present investigation indicate that both assumptions may be wrong in the study of relationships between variables of personality and the occurrence of coronary heart disease. For one indication, the group of subjects who died of coronary heart disease between the first and fifth annual examinations had significantly higher mean scores on F, Hy, PdK, and PtK than the group of men who had myocardial infarction and survived to the fifth examination. In addition, the frequency of subjects with elevated scores (T ^ 70) on 1 or more MMPI scales, and on the D scale in particular, was significantly higher in the deceased group than among survivors.
Of the deceased subjects, only 1, who had manifested angina pectoris for 2 VOL. XXIX, NO. 3, 1967 years before death, could with certainty have been included in a retrospective study. Three others conceivably might have been included. The remaining 73$ died suddenly without previous signs or symptoms of coronary heart disease and could not have been included in a retrospective study which relied upon making measurements after manifestation of the disease. Such a study would err in generalizing to nonsurvivors results obtained from survivors of myocardial infarction.
The evidence indicates that these differences between survivors of myocardial infarction and nonsurvivors cannot be due to differences in age, overt health at initial examination, or interval of time between initial examination and appearance of coronary heart disease. Further, since most of the nonsurvivors died within minutes to hours after initial manifestation of the disease, the relationship cannot be due to differences in ability to adjust, except on a very shortterm basis, to a life-threatening situation. Independent replication of this finding is needed before it can be considered more than an interesting but isolated observation. In the meantime, the nature of the relationship, if in fact a reliable relationship exists, is unknown.
The second source of bias exemplified in this study appears in the observation that survivors of coronary heart disease had higher scores after occurrence of the disease than before on 3 MMPI scales-HsK, D, and Hy-and this pattern of change was not observed among men matched for age and educational status who had no major illness between the first and fifth annual examinations. One effect of these changes was to diminish differences in first-year MMPI scores between the 2 clinical groups and to increase the differences between each clinical group and its respective control group.
In retrospect, at least, it seems reasonable to have observed systematic increases in HsK, D, and Hy, since one implication of higher scores on these scales is increasing awareness of and concern about bodily symptoms. Further, it seems likely that this finding would not be specific to coronary heart disease but would be observed with respect to any life-threatening disorder with somatic symptoms.
In addition, the results of this study serve as a reminder that systematic changes can occur in control groups, too. Controls matched with survivors of infarct had higher scores on K, PdK, ScK, and MaK at the fifth examination than at the first. Although presumably an example of Type I error, there is no way of ascertaining this fact without replication.
An argument sometimes advanced in favor of retrospective studies is that they provide data for hypotheses which can then be tested by the prospective method. In this instance, at least, a retrospective study would have missed entirely the differences between survivors of myocardial infarction and nonsurvivors and would have seriously underestimated differences between subjects with angina pectoris and survivors of myocardial infarction.
Summary
The Minnesota Multiphasic Personality Inventory (MMPI) was administered at the first and fifth annual examinations of 1990 men in a prospective investigation of coronary heart disease. These data have been used to investigate 2 questions which indicate potential sources of error in retrospective studies: Do survivors of the illness differ, on the variables being investigated, from persons who die before they can be included in a retrospective study? Is occurrence of the illness associated with systematic changes among survivors in these variables?
Both questions were answered affirmatively. Significantly higher scores on the F, Hy, PdK, and PtK scales were obtained by persons who died of coronary heart disease between the first and fifth annual examinations than by subjects who survived myocardial infarction to the fifth examination. In addition, the frequency of subjects with elevated scores (T ^ 70) on one or more scales of the MMPI, and on the D scale in particular, was higher among deceased subjects than among survivors. With respect to the second question, survivors of myocardial infarction and subjects with angina pectoris scored significantly higher on HsK, D, and Hy at the fifth examination than at the first, and this pattern of change was not observed among subjects matched for age and educational status who had had no major illness between the 2 examinations.
The results of this study indicate that investigation of relationships between variables of behavior or personality and the occurrence of symptomatic lifethreatening disease should proceed by the prospective method.
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